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Aromatic amines are known to produce allergic sensitization of skin or mucous
membranes, causing dermatitis, conjunctivitis or asthma (1), but the mechanism
of sensitization is not well understood. According to Mayer, certain aromatic
amines are readily oxidized in the organism to toxic quinone compounds which
combine with the SS or SH groups of amino acids and proteins to act like antigens
(2, 3, 4, 5, 6, 7).
The purpose of the present studies was to obtain data on the mode and site
of action of aromatic amines on living cells. For the studies p-phenylenediamine
was selected because it is the best-known member of this group of chemicals and
it is recognized clinically as a sensitizer of human skin. Its action was studied on
cells of tissue cultures. The toxic and nontoxic concentrations of p-phenylenedi-
amine were determined and the effect of oxidized and nonoxidized p-phenylenedi-
amine was investigated. The results of these studies are described in this paper.
MATERIALS AND METhODS
Tissue cultures were made from the heart and skin of 10-day-old chicken em-
bryos. The tissues were cut into small pieces measuring 700—800 in diameter.
These explants were cultured by the usual hanging-drop technic (8). The culture
medium consisted of one drop of undiluted chicken plasma and one drop of a
1:8 dilution of chicken embryonic extract, containing 200 units of penicillin per
milliliter. At the beginning of each experiment a stock solution of p-phenylenedi-
amine was freshly prepared and added to the embryonic extract to obtain the
desired concentration in the media.
The growth of the cultures was studied over a five-day period. Each morning
two perpendicular diameters of the cultures were measured and the average of
the group was calculated. The growth index was obtained by subtracting the
original average diameter of the explant from the average diameter of the grow-
ing culture.
When skin was cultured, a mixed growth of epithelial cells, fibroblasts, and
macrophages occurred during the first day, and later the fibroblasts overgrew
the other cells. In heart cultures fibroblasts and macrophages grew out from the
explants, most of which showed pulsation.
The cultures were studied under an ordinary or a phase microscope. They were
fixed in 4 per cent formalin and stained either with hematoxylin-eosin or with
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Sudan black. Photomicrographs were taken with a Spencer photomicrographic
apparatus.
I. THE EFFECT OF P-PHENYLENEDIAMINE ON HEART AND SKIN
CULTURES
Determination of toxic and nontoxic concentrations of p-phenylenediamine.
Culture media were prepared which contained respectively 0.025, 0.25, 0.50, 1.00,
2.50, and 25.00 mM p-phenylenediamine. Each of these media was added to
twenty heart cultures or fifteen skin cultures, and their growth was observed and
measured. The average growth of each group was calculated and compared with
that of control groups. The growth of heart cultures is shown in Figure 1. The
growth of the skin cultures was comparable to that of the heart cultures.
The investigations showed that a 0.025 mM concentration of p-phenylenedi-
amine did not affect the growth of the cultures. Using 0.25 and 0.50 mM con-
centrations of p-phenylenediamine, growth was depressed on the first day. On
the second day growth occurred, being moderately depressed as compared to the
controls. The cultures containing a 1.00 mM concentration of p-phenylenedi-
amine showed a delayed and definitely depressed growth. When a 2.50 mM con-
centration of p-phenylenediamine was used, only 60—70 per cent of the cultures
grew. In the growing cultures only a few cells moved out from the explants on the
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Fio. 1. The curves show the average growth of 20 heart cultures in media containing
various amounts of p-phenylenediamine.
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first and second days. On the following days a small and loosely connected area
of growth was formed. In Figure 2 the growth of such cultures on the fourth day
is shown as compared to control cultures. A 25.00 mM concentration of p-
phenylenediamine entirely inhibited the growth of the cultures.
From these results the nontoxic concentration of p-phenylenediamine appears
to be around 0.025 mM. The toxic concentration is around 2.50 mM, which is a
relatively small quantity.
In certain cases it was interesting to observe that although p-phenylenedi-
amine strongly depressed the growth of the heart cultures, it did not influence
the pulsation of the heart tissue. This observation suggests that p-phenylenedi-
amine has a differential effect on various functional units of cells or tissues. For
A B
FIG. 2. A. The growth of heart tissue in normal medium in cultures 4 days old. B. The
growth of heart tissue in medium containing 2.50mM p-phenylenediamine on the same day.
example, a 2.50 mM concentration appeared highly toxic for cellular growth but
was not injurious to the contractile mechanism of the heart tissue.
Color reaction of the cultures. Cultures containing p-phenylenediamine were
colorless for 3—5 hours after culturing. After 24 hours the cultures which con-
tained 0.025 mM of p-phenylenediamine were yellow; those with concentrations
of 0.25 and 0.50 mM, brown; 1.00 mM, deep brown; 2.50 mM, deep purplish
brown; and 25.00 mM, black. These colors did not change to any degree within
five days of observation. The explants in each group looked deeper in color than
the culture medium, indicating that the tissues intensively absorbed p-phenyl-
enediamine and converted it to colored compounds.
In connection with the color changes of the cultures it is important to know
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that a fresh solution of p-phenylenediamine is colorless, but it furnishes a large
number of darkly colored intermediate and polymerization products upon oxida-
tion. The first product of oxidation is quinone diimine (6); a further oxidation
product is known as Bandrowski's base (1).
We have prepared p-phenylenediamine solutions of identical concentrations
to those which were used in the cultures and oxidized them by bubbling air
through their solutions. Colors similar to those appearing in the cultures devel-
oped within a 24-hour period, indicating that the color of the cultures was due to
gradual oxidation of p-phenylenediamine.
Localization of oxidized compounds of p-phenylenediamine. Microscopic exam-
ination of cultures containing p-phenylenediamine showed that generally all the
cells looked denser than those of control cultures. In some cells the granules
appeared browner than the controls. In cultures containing 2.50 mM p-phenyl-
enediamine the entire cytoplasm of some fibroblasts looked brown and the
nucleoli were a light purple. The rest of the nucleus was transparent.
FIG. 3. A fibroblast, cultured in medium containing 2.50 mM p-phenylenediamine, con-
taining a dark blue needle-shaped crystal and large lipid granules in the cytoplasm.
In cultures with concentrations of 1.00 and 2.50 mM p-phenylenediamine
fibroblasts were seen containing deep blue needle-shaped crystals. Such a cell is
shown in Figure 3. The appearance of crystals was studied in more detail. Cul-
tures were observed continuously for several days under a phase microscope in a
constant temperature chamber. It was noticed that the crystals first appeared in
the explants. In the case of heart cultures crystals were seen in pulsating explants,
indicating that this function of the cell was not affected. Fibroblasts containing
crystals were observed migrating from the explants, retaining the crystals for
several days. Although the crystals were seen to change position in the cyto-
plasm while the cells migrated, they did not penetrate the nucleus or break
through the cell wall. In peripheral areas of the cultures fibroblasts were seen to
disintegrate, releasing the crystals into the culture medium. Except for such
cases, crystals were not seen in the culture medium, indicating that they are
formed intracellularly.
Morphologic alteration of fibroblasts. The fibroblasts of cultures containing 0.025,
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0.25, and 0.50 mM p-phenylenediamine showed no significant morphologic
changes. In media with a concentration of 1.00 mM p-phenylenediamine a more
intense lipid degeneration was noticed than in the controls.
The fibroblasts in cultures containing 2.50 mM p-phenylenediamine appeared
larger and showed intense, characteristic lipid degeneration. In such cells many
small lipid granules and a few large ones were seen as soon as the cells migrated
from the explants (Figure 4). The granules rapidly increased in number and size,
filling the entire cytoplasm and pushing the Ilucleus to the cell wall. Such degen-
erated cells often contained one or two dark blue crystals. The lipid granules were
highly light refractile and appeared bright under the phase microscope. Such
cells are shown in Figure 5. The lipid granules stained intensely with Sudan
black. They were soluble in alcohol. After extraction with alcohol only the site
FIG. 4. Lipid grannies in young fibrobiasts growing in medium containing 2.50 mM
-pphenylenediamine. Photographed in phase microscope.
of the lipid granules remained in the cells in the form of empty vacuoles. The
cells showing lipid degeneration often fused together and formed large syncytiums.
II. TIlE EFFECT OF OXIDIZED AND NONOXIDIZED p-pnErNyLENEDIAMINE ON SKIN
CULTURES
Studies with oxidized compounds of p-phenytenediamine. The above studies
indicate that the toxic action of p-phenylencdiamine is related to the oxidation
of the substance and the formation of new colored compounds. A study of various
oxidized compounds of p-phenylenediamine seemed indicated because clinical
experience suggests that fully oxidized compounds are less toxic and sensitizing
than the primary oxidation product (1).
A 2.00 mM stock solution of p-phenylenediamine was prepared and oxidized
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by bubbling air through it for 24 or 48 hours. In other cases the oxidation of
10 ml. stock solutions was accomplished by the addition of 0.1 ml. of 0.3, 0.03,
and 0.003 per cent hydrogen peroxide solutions. The aerated solutions looked
brown or deep brown. The hydrogen peroxide oxidized solutions were brown,
deep brown, and deep blue-brown after standing for one hour.
Ten skin cultures were made using each of these solutions. On the basis of the
stock solution, the final concentration of p-phenylenediamine in the media would
be 0.50 mM. The growth of these cultures was compared with cultures containing
0.50 mM previously nonoxidized p-phenylenediamine. The various oxidized
Fio. 5. Lipid degeneration of fibroblasts in a 4-day-old heart culture containing 2.50 mM
p-phenylenediamine.
p-phenylenediamine preparations depressed growth in the same way as previ-
ously nonoxidized p-phenylenediamine.
The combined effect of p-phenylenediamine and sodium sulfite. The oxidation of
p-phenylenediamine may be inhibited by a reducing substance such as sodium
sulfite. In small quantities this substance is known to be noninjurious for cells
or cellular growth (9).
mixtures of p-phenylenediamine and sodium sulfite were studied on
the growth of skin cultures, using the necessary controls. It was found that the
toxic action was counteracted if five times as much reducing substance as p-
phenylenediamine were present in the medium. Such cultures remained trans-
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parent and did not show the coloration of oxidized p-phenylenediamine. In
Figure 6 the results of such an experiment are shown. It can be seen that in the
case of a mixture of 2.50 mM sodium sulfite with 0.50 mM p-phenylenediamine
the cultures grow better than in media containing 0.50 mM p-phenylenediamine.
In other experiments the cultures became colored and their growth was de-
pressed if sodium sulfite was used in equimolar or in weaker concentrations than
p-phenylenediamine.
These results show that the toxic action of p-phenylenediamine may be coun-
teracted by an excess amount of reducing substance. They also indicate that
p-phenylenediamine itself is nontoxic until it is oxidized.
DAYS
FIG. 6. The curves show the average growth of ten skin cultures. The counteraction of
sodium sulfite is shown on the growth-depressing action of p-phenylenediamine.
DISCUSSION
The present studies show that p-phenylenediamine is intensively adsorbed by
living cells and oxidized to colored compounds. Its action on living cells appears
complicated and complex. p-Phenylenediamine does not seem to have a specific
action on a single constituent or functional system of the cell, appearing to be
more widespread in its action. The various effects of p-phenylenediamine may be
described in the following way:
Ribose nucleic acid, proteins, lipids and different enzymes are known to be
located in the granules and mitochondria of the cells (10). These elements are
also thought to be the main metabolic centers of cells, responsible for various
2
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enzyme functions, protein synthesis, and so forth. The appearance of oxidized
p-phenylenediamine around the granules suggests that the enzymes contained
in them may participate in the oxidation of p-phenylenediamine and that the
physiological oxidative processes may be injured. p-Phenylenediamine might
also interfere with various other metabolic processes. The decreased growth and
lipid degeneration of the fibroblasts suggest such disturbances.
Kopac, Cameron, and Chambers studied liver cells in culture media containing
p-phenylenediamine and also observed the condensation of oxidized p-phenylene-
diamine around the granules (9). Their studies also indicate that granules are
actively involved in the oxidation of p-phenylenediamine.
Mayer showed that oxidized p-phenylenediamine readily combines with
nucleoproteins or is taken up by the chromosomes (7). The antigenic activity of
p-phenylenediamine was explained by Mayer on the basis of formation of anilido
quinone-like combinations with body proteins, especially with nucleoproteins.
He also postulated that the atypical proliferation of tissues caused by aromatic
amines might be due to disturbances in the physiological behavior of chromo-
somes and genes.
The possible coupling of oxidized compounds of p-phenylenediamine, both
to granular or to nuclear substances (nucleoproteins), seems important. In such
cases the toxic substances are transferable to subsequent generations and might
cause a prolonged cytoplasmic alteration or a permanent genetic change. Such
possible mechanisms of action of p-phenylenediamine are being studied in our
laboratory.
The composition of the dark blue crystals appearing in the cytoplasm of
fibroblasts is not known and the cause or mode of their formation is not well
understood. Kopac, Cameron, and Chambers have also seen such crystals and
believe that they are insoluble polymerized derivatives of oxidized p-phenyl-
enediamine which are formed by some detoxification mechanism of the cyto-
plasm (9).
SUMMARY
1. The effect of p-phenylenediamine was investigated on cells of tissue cultures
which were made of embryonic chicken skin and heart.
2. A concentration of p-phenylenediamine toxic for cellular growth was found
to be around 2.50 mM; the nontoxic concentration was 0.025 mM.
3. Color reactions of cultures indicated the conversion of p-phenylenediamine
to its oxidized compounds. Various oxidized products of p-phenylenediamine
showed identical growth-depressing action. The toxic action of p-phenylenedi-
amine was counteracted by the addition of a reducing substance.
4. Brownish oxidized p-phenylenediamine was observed around the granules
and a light purple color was observed in some nucleoli of cells. Dark blue crystals
were seen in the cytoplasm of fibroblasts cultured in media containing 1.00 and
2.50 mM p-phenylenediamine. Intense lipid degeneration of fibroblasts occurred
in high concentrations of p-phenylenediamine.
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DISCUSSION
DR. ADOLPH ROSTENBEEG, New York, N. Y.: p-Phenylenediamine and its
chemical congeners are important compounds in that, as YOU all know, they are
widely used in fur dyeing and in dyeing of human hair. Practically all hair dyes
which have any esthetic appeal have as their base p-phenylenediamine or one of
its derivatives. As you also know p-phenylenediamine is a potent sensitizer and
in addition produces many primarily toxic effects, possibly unrelated to its
sensitizing potentialities. Dr. Matoltsy has given us some indication of how some
of these toxic reactions may develop. I think this paper would be of greater
interest if the author goes on—I imagine he already has it in mind—to compare
the effect of p-phenylcnediamine in tissue cultures on: (1) cells derived from ani-
mals that had been previously sensitized in vivo and (2) cells from normal ani-
mals. Whether the embryo chick heart is suitable however for that purpose is
dubious; human skin however is. You may recall the author mentioned they had
obtained comparable results with human skin. The interest in the comparison
would be to determine whether the inherent toxicity of the p-phenylenediamine
had been enhanced. It is well known that if tuberculin is added to a tissue culture
in which cells are growing that are derived from a tuberculin sensitive animal
the tuberculin is lethal for such cells but tuberculin has practically no effect on
normal cells, that is, cells derived from an animal not sensitive to it. In the case
of tuberculin, however, there is not the opportunity for a comparison with a
substance that has an inherent toxicity. So I think it would be very interesting
and important to extend the work in the direction I mentioned.
The other point that Dr. Matoltsy made in quoting the work of Mayer about
the oxidation of p-phenylenediamine has a practical implication, that possibly
isn't too well known. In patch testing with p-phenylenediamine one should use
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the base because the base is not protected against being oxidized into the products
which apparently cause the reaction. If one uses p-phenylenediamine dihydro-
chloride that compound is relatively well protected against oxidation and conse-
quently one will often obtain false negative patch test results.
DR. H. L. MAYER, Summit, N. J.: p-Phenylenediainine is indeed a strong and
rapid staining substance, as has been brought out in my studies for the past 25
years. One must admit that the study of its biological activities is most interesting
since it involves many fields besides dermatology such as allergy, cytology and
cancer.
I would like to ask Dr. Matoitsy the following question: Do you believe that
the lipid material in the cells is of degenerative nature? I realize that wherever
lipid is formed and accumulated where it normally does not exist, it is considered
as a lipid degeneration. I wonder if these lipids, formed under the influence of p-
phenylenediamine are an indication of an altered metabolism, of a blockage of
those enzyme systems which normally metabolize the various compounds to
CO2 and 1120. Under these circumstances those enzyme systems which form
lipids, persist. Indeed, many poisons which are known to produce so-called
fatty degenerations are capable of combining with protein and of inactivating
proteinic and especially SH-enzyme systems.
DR. HARVEY BLANK, New York, N. V.: From the tissue culture work of the
Lettres (Cancer Research 12: 847, Dec. 1952) and others it seems likely that
large energy sources are required by cells in tissue cultures to maintain their
shape. Apparently what we formerly called the resting cell is really one in which
a great deal of energy is being expended to maintain the regular shape, size, and
turgidity of the surface of the cell. Comparable large amounts of energy also are
required by the spindle fibers during mitosis. Some of these important conclu-
sions of the energy requirements of "contractile proteins" were obtained from
studies with chemicals such as Victoria Blue and coichicine.
I would like to ask Dr. Matoltsy, whether he observed in his living material
an increase in the movement of the cell surfaces, i.e., a budding out and pulling
back of projections which others have noted in tissue culture when the energy
sources are reduced by mitosis or by the addition of drugs. If the p-phenylene-
diamine is affecting some of the energy supplying enzyme systems, a morphologic
change in cell outline might be observed which one can use to assess this phenom-
enon. Of course it requires observation of the living cells which we could not see
in the projected material.
DR. STEPHEN ROTEMAN, Chicago, Ill.: The inhibitory effect of sulfides is re-
markable. It would be of practical interest to know whether sodium thiosuif ate
has a similar effect because it is non-toxic. Of course, its reducing action is less
violent than that of sulfides.
In the early twenties Dr. R. L. Mayer reported most ingenious experiments
on the mechanism of p-phenylenediainine sensitization. He found that the di-
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amines are reduced to di-imines and that the same mechanism prevails in sensi-
tizations to hair dyes, fur dyes and photographic developers. In many cases he
observed this type of "cross-sensitization".
DR. HEmzAN PINKUS, Monroe, Michigan: When Dr. Mayer asked about lipid
in these cells he touched on something that I wanted to ask Dr. Matoitsy.
Chicken cells, fibroblasts or any other type of cell, in tissue culture will always
develop fat droplets in their cytoplasm, and usually as a colony grows without
being changed the amount of fat will increase. Up to a certain point this process
appears to be an adaptation to the conditions of tissue culture (Shifrmn, N.: The
effect of tissue culture on the stainability of mouse liver by carbonyl reagents,
Anat. Rec. 116: 41, May 1953), but eventually the cells will degenerate and
die. If one transfers a fat laden colony to a new medium, the fat will disappear
and will then in the next few days build up again. I wonder if the greater amounts
and larger droplets which Dr. Matoltsy mentioned might be a non-specific
acceleration of this process of fat accumulation in the cells? The question could
be investigated by using human tissue. Human cells in tissue culture usually do
not accumulate much fat, but develop a peculiar type of protein granulation
which was given the name of oxyphane granules (Pinkus, H.: Uber charakteris-
tisch färbbare Granula in menschlichen Gewebekulturen, Arch. f. exper. Zell-
forsch. 13: 30, 1932). It would be interesting to see if paraphenylenediamine has
a specific action on fat metabolism in producing more fat in human cells which
don't usually develop it.
DR. A. GEDEON MATOLTSY (in closing): In answer to the comment of Dr.
Rostenberg: We tried to sensitize cultures of embryonic chicken skin and we also
did some studies on human skin. The results were not satisfactory.
In answer to the comment of Dr. Mayer and Dr. Pinkus, I used the term lipid
degeneration as the cytologist uses the term and not as the pathologists use it.
As Dr. Pinkus mentioned, such degeneration appears normally in old cultures.
That is why I mentioned in my presentation that the lipid granules appear
earlier and are larger and more numerous in the fibroblasts which were growing
in p-phenylenediamine-containing media than in normal cultures.
As to the comment of Dr. Blank, very often we saw syncytiums formed by
the fibroblasts in cultures, but we have no observations about the movement of
all surfaces.
Dr. Rothman, we used sodium sulfite because Kopac, Cameron, and Chambers
found that this substance is non-injurious for tissue cultures. In the future, we
will also try sodium thiosulfate to counteract the action of p-phenylenediamine.
